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I. INTRODUCTION
Radiative data of singly ionized platinum are of great interest in different fields of physics. In astrophysics, platinum, mostly as a singly ionized atom, has been observed to be overabundant in chemically peculiar stars ͓1,2͔. For example, the abundance deduced for platinum in the atmosphere of Lupi is about four orders of magnitude larger than the solar photospheric value ͓2͔. In the same star, a platinum isotope anomaly has been observed from the analysis of high-resolution VUV Fourier transform spectra ͓3͔. Accurate spectroscopic data of Pt II ͑wavelengths, oscillator strengths, radiative lifetimes͒ are therefore essential for a detailed interpretation of high-resolution stellar spectra.
Platinum-neon hollow-cathode lamps are very stable and emit a large number of sharp lines in the region 113-400 nm. Such lamps are useful for wavelength calibration of spectrometers on orbiting satellites. They were used for calibration of stellar spectra recorded with the Goddard highresolution spectrograph ͑GHRS͒ onboard the Hubble Space Telescope ͑HST͒ as well as for a revised calibration of observations with the International Ultraviolet Explorer ͑IUE͒ satellite ͓4-6͔.
A few decades ago, the Pt II spectrum was analyzed by Shenstone ͓7͔ who published an almost complete set of energy levels for the 5d 9 , 5d 8 6s, and 5d 8 6p configurations. These level values were compiled by Moore ͓8͔ at NIST and were considerably improved from spectrum recorded with a hollow-cathode lamp by Reader et ͓11͔ . These authors used the pseudorelativistic Hartreeplus-statistical-exchange ͑HXR͒ method ͓13͔ with basis sets including a limited number of interacting configurations.
On the experimental side, the arc measurements of Corliss and Bozman ͓14͔ were limited to only one UV transition of Pt II at 279.421 nm. Larsson et al. ͓15͔ measured radiative lifetimes for three short-lived states excited with picosecond laser pulses and analyzed their data using a time-resolved detection system. By combining these lifetimes with the relative intensities of a large number of spectral lines in the UV region measured by Sansonetti et al. ͓6͔ , oscillator strengths could be deduced for 22 transitions depopulating the three levels investigated.
The gf values obtained by Wyart et al. ͓11͔ were scaled down by means of the lifetime measurements of Larsson et al. ͓15͔ for the four transitions retained by Kalus et al. ͓3͔ in their investigation of Lupi and HR 7775 spectra.
In the present work, lifetime measurements for eight levels in Pt II are obtained using time-resolved laser-induced fluorescence ͑LIF͒. We also report an extensive theoretical analysis of the low lying configurations using the relativistic Hartree-Fock ͑HFR͒ method.
II. LIFETIME MEASUREMENTS
The experimental setup used in the present measurements has been described elsewhere ͑e.g., ͓16,17͔͒ and only a brief description will be given here. * Also at IPNAS, Université de Liège, B-4000 Liège, Belgium.
In the measurements free platinum ions were generated in a laser-produced plasma by focusing a Nd:YAG laser pulse onto a platinum target. The plasma contained ions in metastable levels and these were used for pulsed selective excitation to the investigated level. Fluorescent light released at the subsequent decay of the levels was captured using a fast detection system. The excitation pulses, produced by a tunable laser system, had a duration of about 1.5 ns and wavelengths in the range 203-214 nm. The fairly high populations of metastable levels up to 16 820 cm −1 were utilized, thus avoiding excitations in the VUV wavelength region. The detection system included a low-resolution monochromator and for all the investigated levels we checked that the strongest transitions in ͓6͔ were present. This was done as an insurance against level missidentification in this line rich spectrum. The lifetimes obtained are given in Table I . Each value represents an average of at least ten recordings made at two different occasions. The error bars are due to the variation in lifetime between different recordings. As a test the lifetime of one previously investigated level ͓15͔ was remeasured with, as shown in the table, a consistent result.
III. RELATIVISTIC HARTREE-FOCK CALCULATIONS
In the present work, two different physical models were considered within the framework of the pseudorelativistic HFR method described by Cowan ͓13͔ and modified to include core-polarization ͑CP͒ effects ͓18͔.
In the first model ͓HFR͑A͔͒, the following configurations were explicitly included in the calculations: 5d 9 , 5d  8 6s,  5d  8 7s, 5d  8 6d, 5d  8 7d, 5d  7 6s  2 , 5d  7 6p  2 , 5d  7 6d  2 , 5d  7 6s6d,  5d  7 6s7s, 5d  7 6d7s, 5d  6 6s  2 7s, 5d  6 6s  2 6d for the even parity  and 5d  8 6p, 5d  8 7p, 5d  8 5f, 5d  8 6f, 5d  7 6s6p, 5d  7 6s7p,  5d 7 6p7s, 5d 7 6p6d, 5d 7 6s5f, 5d 7 6s6f, 5d 6 6s 2 6p for the odd parity. Core-polarization effects, which are expected to be important in this heavy element, were introduced by adding a pseudopotential in the Hartree-Fock equations and a correction to the dipole operator as described in previous papers ͑see, e.g., ͓18͔ for details͒. For the static dipole polarizability ␣ d , we used the value corresponding to the ionic core of Pt 4+ as published in ͓19͔, i.e., ␣ d = 4.52a 0 3 , while for the cut-off radius r c , we adopted a value of 1.55a 0 , which corresponds to the HFR mean value ͗r͘ of the outermost 5d core orbital. Using a least-squares fitting procedure, the Slater and spin-orbit integrals were adjusted to obtain the best agreement between calculated and experimental energy levels. The fitted parameters were the center-of-gravity energies ͑E av ͒, the single-configuration direct ͑F k ͒ and exchange ͑G k ͒ electrostatic interaction integrals, the spin-orbit parameters ͑ nl ͒, and some configuration interaction ͑R k ͒ integrals related to the configurations observed experimentally. For the remaining configurations, the F k , G k , and R k integrals were scaled down by a factor of 0.85 as suggested by Cowan ͓13͔ while the ab initio values of the spin-orbit parameters, nl , computed by the Blume-Watson method, were used without scaling. In addition, the effective interaction parameters ␣ and ␤ were included in the fit to allow specifically for the cumulative effects of distant configurations. All the known even parity levels published by Blaise and Wyart ͓10͔ were fitted except the two levels at 119 057.05 cm −1 ͑unidentified designation͒ and 121 651.19 cm −1 ͑belonging to 5d 7 6s7s͒. All the parameters of the configurations 5d 9 , 5d 8 6s, 5d 8 7s, 5d 8 6d, and 5d 7 6s 2 were adjusted with the exception of the ␣ and ␤ effective parameters in 5d 8 7s, which were fixed using the values obtained for the 5d 8 6s configuration. For the 5d 7 6s7s for which only a few energy levels have been established experimentally, only the average energy was adjusted. Thus 71 even levels were fitted with 33 free parameters and the mean deviation of the fit ͉⌬E͉ = ͉E exp − E calc ͉ was 44 cm −1 . For the odd parity, all the experimental levels reported by Wyart et al. ͓11͔ below 110 000 cm −1 were introduced in the fitting procedure. The levels situated above 110 000 cm −1 are fragmentarily known and therefore some of the designations appear dubious. Moreover, some of these levels overlap unknown levels belonging to higher configurations such as 5d 6 6s 2 6p and 5d 8 5f. Consequently, these energy levels were not included in the fit. For the 5d 8 6p and 5d 7 6s6p configurations, all the parameters including the configuration interaction integrals ͑R k ͒ were adjusted. For 5d 8 7p and 5d 6 6s 2 6p, only the average energies were adjusted in view of the scarcity of experimental data. Thus 180 odd levels were fitted using 27 adjustable parameters and the corresponding mean deviation was found to be 108 cm −1 . The HFR͑A͒ lifetimes obtained for low-lying odd levels ͑E Ͻ 72 000 cm −1 ͒ are presented in Table I and compared with the experimental data measured in the present work and in ͓15͔. With the exception of the level at 64 757.343 cm −1 , for which several computed transition probabilities are affected by cancellation effects, the calculated lifetimes are systematically shorter than the measurements ͑on average by 11%͒. This is probably due to the fact that the CP model used in our HFR͑A͒ approximation is not sufficient to take into account all the core-valence correlation not included explicitly in the calculations. In order to verify this assumption, a second physical model ͓HFR͑B͔͒ was considered. In this model, the CP contribution was included using the dipole polarizability corresponding to the Pt 3+ ionic core, i.e., ␣ d = 6.27a 0 3 ͓19͔ while retaining the previous cut-off radius, i.e., r c = 1.55a 0 . Since interactions with configurations of the type 5d 6 nlnЈlЈn Љ l Љ are supposed to be included in such a CP model, these configurations had to be removed from the multiconfiguration expansions for consistency. Thus, the HFR͑B͒ model included the same configurations as before except the even 5d 6 6s 2 7s, 5d 6 6s 2 6d, and the odd 5d 6 6s 2 6p configurations. The semiempirical fitting process was then performed in the same way as described above except that the average energy of the 5d 6 6s 2 6p could not be adjusted and that only the odd-parity levels below 104 600 cm −1 were included in the fit. Thus, 71 even levels were fitted using 33 free parameters and a mean deviation of 44 cm −1 , while for the odd parity, 150 levels were fitted using 26 free parameters and the mean deviation of 203 cm −1 . The reason why the latter deviation is larger than the one obtained with the HFR͑A͒ model is that the 5d 6 6s 2 6p configuration was not included. It is worth noting, however, that this configuration essentially affects the quality of the fit only for higher energy levels, the mean deviation being indeed reduced to 140 cm −1 for the odd levels situated below 80 000 cm −1 . Table I shows that the radiative lifetimes calculated using the HFR͑B͒ model are in better agreement ͑within 4% on average͒ with the experimental values than those obtained with the HFR͑A͒ model. As a consequence, it seems reasonable and justified to adopt as the best results of the present work those obtained using model HFR͑B͒.
IV. OSCILLATOR STRENGTHS AND TRANSITION PROBABILITIES
Computed oscillator strengths and transition probabilities, obtained with the HFR͑B͒ model are reported in Table II present work, the mean ratio gA͑Wyart͒ / gA͑present͒ is 1.84Ϯ 0.24. This is not only due to the fact that explicit intravalence correlation is included in a more extensive way in our work but also to the fact that CP effects are taken into account. It should be emphasized, however, that the main purpose of Wyart et al. ͓11͔ was the identification of lines in laboratory spectra and not the obtention of refined transition probability values. Table III shows a comparison between our calculated oscillator strengths and the experimental values published by Larsson et al. ͓15͔ or deduced in the present work. These experimental gf values were obtained by combining the LIF lifetime measurements given in Table I with the relative intensities reported by Sansonetti et al. ͓6͔ . In view of the uncertainties affecting the measured lifetimes ͑ϳ10%͒ and intensities ͑ϳ20% ͓6͔͒, we estimate the experimental oscillator strengths to be accurate to about 25% −30%. However, it is important to note that the NIST platinum atlas ͓6͔ was primarily intended to provide a wavelength standard for Pt-Ne hollow cathode lamps used on the HST and, even though the intensities were reported as accurate as 20%, serious radiometric calibration errors were discovered in this atlas for Pt I lines by Den Hartog et al. ͓20͔ . Consequently, although it is difficult to assess the effect of such calibration errors on the Pt II lines, we cannot rule out that some branching fractions deduced in the present work from the NIST experimental intensities can be affected by larger uncertainties.
As seen from 
V. CONCLUSIONS
A first extensive set of oscillator strengths and transition probabilities has been calculated for transitions of Pt II belonging to the 5d 9 −5d 8 6p, 5d 9 −5d 7 6s6p, 5d 8 6s −5d 8 6p, and 5d 8 6s −5d 7 6s6p transition arrays by a HFR approach including valence-valence correlation and CP effects. Comparisons of the theoretical results with lifetime measurements performed with a time-resolved laser-induced-fluorescence technique for selected odd-parity levels illustrate the dramatic importance of CP effects for obtaining accurate radiative parameters for this heavy ion.
